This investigation presents a finite element simulation of contact between a magnetic recording slider and patterned media. The stress distribution due to contact in patterned media is evaluated. The effects of pad radius and filling materials on the stress distribution are studied.
Introduction
Discrete Track Recording (DTR) and Bit Patterned Media Recording (BPM) are being investigated presently to increase the areal density of magnetic recording disks beyond 1 Tbit/inch 2 (1-5) . In ultra-low flying head disk interfaces, contacts between the slider and the media are inevitable. Contacts are likely to produce contaminants leading to head disk failure. Furthermore, contact induced strain in the media can cause loss of magnetic information due to magnetostriction. High speed sliding of the slider on the disk will also generate localized heating and cause high temperatures, the so-called flash temperatures, at the slider media interface. Specially, for thermal flying height control (TFC) sliders where the read/write elements are very close to the media during operation, slider/disk contact will affect the head elements directly. Both high flash temperatures and high localized stresses can damage the read/write elements. Several investigations have been conducted in the past to investigate slider/disk contacts (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . However, few of these investigations have addressed patterned media or planarized patterned media. This work presents a finite element simulation of the contact between a low-flying magnetic recording slider and patterned media. The stress distribution in the patterned media is evaluated as a consequence of slider/disk contacts and the effect of pad radius and filler material characteristics on the stress distribution is investigated.
Numerical Model
A schematic of the interface between a typical magnetic recording slider and patterned media is shown in Fig. 1 . The patterned media includes three layers: the substrate layer, the recording layer and the overcoat layer. The slider is simulated by a spherical pad that indents the patterned media, resulting in a stress-strain distribution inside the patterned media. The vertical boundaries of the media are constrained against displacement in the horizontal direction, while the bottom boundary is constrained against displacement in the vertical direction. Points A and B, which are located at the interface between the overcoat and the recording layer, are used to determine the onset of yielding in the recording layer.
A two-dimensional finite element model was developed for a patterned media head-disk interface using the commercial software ANSYS (Fig. 2) . All layers were assumed to behave as elastic-perfectly plastic materials. The mechanical properties of each layer are listed in Table 1 (15) (16) (17) . The classical von Mises yield criterion is used throughout the contact simulation.
In this simulation, five evenly-spaced bit patterns are considered. The bit pitch (p) is 50 nm and bit width (w) is 25 nm. The thickness of the three layers is 4 nm, 12.8 nm and 56.25 nm, respectively. A rigid spherical pad is assumed to penetrate into the medium with radius in the range from 10 nm to 100 nm. The mesh consists of 33,738 plain-strain four-noded isoparametric elements with a total of 34,345 nodes. The smallest elements in the overcoat layer are squares with side length of about 0.38 nm. Fig. 3 shows the von Mises stress in a bit due to contact at the edge and the center of the bit, respectively. For the case shown in Fig. 3 , the radius of the contact pad was chosen to be 10 nm and the indentation depths chosen varied from 0.1 nm to 0.5 nm. We observe that the maximum stress occurs in the overcoat layer and that the region of high stress increases with an increase in the indentation depth. At an indentation depth between 0.2 nm and 0.3 nm, the stress field first reaches the bottom of the cavity. Fig. 4 shows the von Mises stress in the recording layer as a function of indentation depth. If the contact occurs at the edge of the bit (Fig. 4(a) ), the von Mises stress increases quickly at point A of the recording layer but much slower at the center of the bit (point B). We observe that the recording layer starts to yield plastically at an indentation depth of 0.5 nm. This value is smaller than for the case of contact at the bit center (0.7 nm in Fig. 4(b) ). Also, the stress at points A and B of the recording layer grows significantly faster when contact occurs at the bit edge (Fig. 4(a) ) than when contact occurs at the bit center (Fig.  4(b) ). Clearly, the recording layer is more likely to yield due to contact at the side edge of a 
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bit than due to contact at the center of a bit.
(a) contact at bit edge (b) contact at bit center 5 shows the von Mises stress distribution inside the patterned media for a pad radius of 20 nm, 40 nm and 60 nm, respectively. The indentation depth is constant at 0.5 nm for all three cases. We observe that the distribution of stress affects a larger region inside the bit patterned media if contact occurs with a pad of increasing radius. However, as the pad radius increases, the maximum von Mises stress is reduced, and the location of the maximum stress shifts away from the surface of the overcoat layer, towards the interface between the overcoat and the recording layer. Fig. 6 investigates the von Mises stress at point A of the recording layer when the pad radius increases from 10 nm to 60 nm. Obviously, a large pad radius results in a significant reduction of the von Mises stress in the recording layer when the indentation depth is larger than 0.2 nm. Moreover, the critical indentation (initiating yielding of the recording layer) increases from 0.5 nm to 0.8 nm when the radius of the pad increases from 10 nm to 60 nm. Fig. 7 shows the von Mises stress contours for typical planarized media for three types of filler materials. The radius of the contact pad was chosen to be 60 nm while the applied indentation depth was equal to 0.5 nm. Compared to the original case without filler material (Fig. 5(c) ), the maximum von Mises stress after planarization with SiO2 ( Fig. 6(a) ) is reduced by 13%. Furthermore, when the elastic modulus of the filler material is increased from 83 GPa (Fig. 6(a) ) to 150 GPa (Fig. 6(c) ), the resultant maximum stress is seen to be reduced to 75% of the original stress. Clearly, this indicates that planarization can effectively reduce the contact induced stress inside the patterned media. A stiffer (larger elastic modulus) material can improve this even more.
Comparing the three cases shown in Fig. 7 , we observe that as the filler material becomes stiffer (larger elastic modulus), the stress inside the filler material becomes more concentrated at the interface between the overcoat and the recording layer. Fig. 8 shows the effect of planarization on the contact stress at point A of the recording layer. We can observe that the von Mises stress decreases with an increase in the elastic modulus of the filler material. Also, the critical indentation depth is increased due to the stress relief in the patterned media due to the filler materials. 
Contact at
Conclusion
A two-dimensional finite element analysis of contact of a slider with patterned media was performed. The results show that the maximum von Mises stress occurs in the overcoat, and is a function of the indentation depth. The resultant stress in the recording layer grows quickly when the contact occurs at the edge of the patterned media. The recording layer is more sensitive to yield when contact occurs at the edge of the patterned media rather than in the center of patterned media.
The maximum von Mises stress observed in the recording layer increases with a
